higher in patients with neuro-BD and patients with active genital ulcers compared to patients without neurological involvement (p < 0.01) and active genital ulcers (p < 0.05). Conclusion: The MPV and MPR were significantly higher in the SLE group than in the RA group. They were also higher in the active than in the inactive BD patients. The MPV and MPR are useful diagnostic tools for SLE, and NLR reflects disease activity in BD. However, further research should be performed to standardize these tools.
Introduction
Abnormal immune regulation and persistent inflammation, the characteristic features of chronic inflammatory diseases, have adverse effects on the hematopoietic system. Changes in peripheral blood cell components are used to detect disease activity and to diagnose some collagen tissue diseases such as rheumatoid arthritis (RA) [1] [2] [3] , systemic lupus erythematosus (SLE) [4, 5] and systemic sclerosis (SSc) [6] . Rheumatic inflammatory diseases affect one or more cellular lineages of the hematologic system, and thus frequent hematologic manifestations, such as anemia, neutropenia, thrombocytopenia, and hematologic malignancies, are observed in these dis-eases. These hematologic abnormalities are due to several immune-and nonimmune-mediated mechanisms. The causes of hematological abnormalities are excessive production of cytokines, antibodies, immune complexes, growth factor deficiencies, increased peripheral accumulation, a decreased life span, decreased neutrophil functions, gastrointestinal losses, and medication-related toxicities [1] [2] [3] [4] [5] [6] .
RA [1] [2] [3] , SLE [4, 5] , and other inflammatory diseases [1, 3, [6] [7] [8] [9] affect the numbers, ratios, and volumes of peripheral blood cells. Mean platelet volume (MPV) is a parameter of a complete blood cell count (CBC). It reflects the function and activation of platelets, and has been studied in many inflammatory, cardiovascular and cerebrovascular diseases [1, 4, 6, 8, 10] . Large platelets include more granules than small platelets. These granules release prothrombotic factors, such as thromboxane A2, serotonin, β-thromboglobulin, and adenosine triphosphate, and affect inflammatory and endothelial functions. They also include the expression of adhesion factors, such as P-selectin and glycoprotein IIb/IIIa, and increase vasoconstriction [10] .
Recent studies have shown the numbers and ratios of white blood cell subgroups in inflammatory rheumatic diseases [3, 4, 9] . However, the relationship between hematologic indices and rheumatologic diseases are still controversial [1, 2, 4, 5, [10] [11] [12] . Therefore, we aimed to investigate the possible relationships of various indices, such as MPV, MPV/platelet ratio (MPR), platelet/lymphocyte ratio (PLR), and neutrophil/lymphocyte ratio (NLR), on disease activities and clinical processes of several rheumatic inflammatory diseases.
Subjects and Methods

Patient Selection
Ninety-one patients with RA, 51 patients with SLE, 39 patients with SSc, 53 patients with Behçet's disease (BD) and 55 healthy volunteers (healthy controls; HC) were included in this study. The patients met established criteria used for diagnosis and classification in routine practice [13] [14] [15] [16] .
The exclusion criteria of the study were participants younger than 18 years of age, older than 80 years, evidence of infection, pregnancy, receiving antiplatelet medications such as aspirin and clopidogrel, atherosclerotic disease, diabetes mellitus, hypertension, and dyslipidemia. The protocol of this study was approved by the institutional ethics committee, and informed consent was obtained from all the participants before they enrolled in the study. Detailed histories of all the participants were obtained from medical records and systemic and rheumatologic examinations were performed. The clinical process of the participants and their treatment protocols were also recorded.
Disease Activity and Severity Scoring
Disease activity and/or severity scores were determined by the disease activity score-28 (DAS-28) in the RA group; SLE disease activity index (SLEDAI) and Systemic Lupus International Collaborating Clinics/American College of Rheumatology (SLICC/ ACR) damage index in the SLE group. Behçet's syndrome activity score (BSAS) was employed in the BD group. The Valentini disease activity index and Medsger disease severity scale were used in the SSc group. In addition, skin involvement was detected via the modified Rodnan skin score (mRSS) in the SSc group [17] [18] [19] [20] [21] . Active diseases in RA, SSc and SLE were denoted by a DAS-28 ≥ 2.6; Valentini disease activity index ≥ 3, and SLEDAI ≥ 6, respectively. In the BD group, the disease was interpreted as active when a patient had at least two of the following: genital ulcers, skin lesions, active arthritis, recent eye involvement, recent neurological involvement, recent vascular involvement, a positive pathergy test sign in addition to oral ulcer, as well as a high erythrocyte sedimentation rate (ESR) and/or high C-reactive protein (CRP) levels.
Laboratory Analyses
Blood samples were drawn from the participants after they had fasted overnight. Routine laboratory evaluations, including CBC and tests of ESR, CRP, creatinine, and total creatinine kinase, were performed using standard laboratory methods. In addition, autoantibodies (antinuclear antibody-IFA, anti-ds-DNA, anti-Sm, anticentromere and anti-Scl-70 antibodies) were analyzed using standard methods in the SLE and SSc groups. The blood samples for analysis of hematological parameters were collected in tubes containing ethylenediaminetetraacetic acid, and all laboratory analyses were performed on the same day within 1 h after the collection of samples. The MPV, MPR, PLR, and NLR ratios were calculated from the CBC results.
Statistical Analyses
Statistical analysis was performed using the Statistical Package for the Social Sciences 21 (SPSS, Chicago, Ill., USA). The results are presented as the mean ± standard deviation. The normal distribution of the variables was evaluated with the Kolmogorov-Smirnov test, and data with a skewed distribution (ESR, CRP, MPR, PLR, and NLR) were expressed as the median (minimummaximum). Statistical differences among the groups were identified with a one-way analysis of variance (ANOVA), followed by Tukey's post hoc test for parametric data, while Kruskal-Wallis and post hoc Mann-Whitney U tests were used for nonparametric data. A χ 2 test was used to compare the categorical variables. Correlation analysis was performed using Pearson's correlation coefficient. The diagnostic efficacies of MPV and MPR for SLE were examined by receiver operating characteristic (ROC) analysis. A p value <0.05 was considered significant.
Results
The demographics and clinical data of the study groups are summarized in table 1 . The DAS-28 ESR was 3.2 ± 1.5 in the RA group. The SLEDAI and SLICC/ACR were 12.1 ± 9.5 and 1.7 ± 1.5, respectively, in the SLE group. The mRSS and Medsger scores were 14.5 ± 7.3 and 5.9 ± 2.7, respectively, in the SSc group. The BSAS was 14.6 ± 16.7 in the BD group.
The MPV and MPR were higher in the SLE group than in the RA group (p < 0.05 and p < 0.01, respectively). However, there was no statistically significant difference among the other groups in terms of the MPV and MPR ( table 2 ). The PLR was significantly higher in the SLE group than in the HC group ( table 2 ) . However, the PLR of the RA and SSc groups were similar to that of the HC group ( table 2 ) . The NLR was significantly higher in the RA, SLE, and SSc groups than in the HC group ( table 2 ) , although it was similar in the BD and HC groups (p = 0.863).
Based on the ROC analysis, the MPV value (using a cut-off of 8.95 fl) differentiated SLE from RA, with a sensitivity and specificity of 70 and 62%, respectively. Moreover, the MPR [using a cut-off of 3.28 fl/(10 5 /μl)] differ-entiated SLE from RA, with a sensitivity and specificity 64 and 63%, respectively. These results indicated that MPV (area under the curve, AUC, 0.68, 95% CI 0.58-0.77) and MPR (AUC 0.69, 95% CI 0.59-0.78) were sensitive and specific markers for SLE.
Hematologic Indices in the RA Group
There was no significant difference in MPV, MPR, PLR, and NLR between the active (n = 52) and quiescent (n = 39) RA subgroups and between the seropositive and seronegative RA subgroups (p > 0.05 for all; data not shown). The leukocyte (8.1 ± 2.2 vs. 6.9 ± 2.7 10 3 /μl, p = 0.02) and neutrophil (5.4 ± 1.9 vs. 4.4 ± 2.2 10 3 /μl, p = 0.027) counts were significantly higher in the rheumatoid factor (RF)-positive (n = 56) than in the RF-negative cases (n = 31). In the RA group, the MPV and body mass index (BMI; p = 0.001, r = 0.338), PLR and ESR (p = 0.011, Values are expressed as means ± SD or n (%). When compared to the HC group: * p < 0.05, *** p < 0.001. a ANOVA p values. b χ 2 p values. 1 The dose of corticosteroid equivalent to prednisolone. r = 0.271), and NLR and RF titers (p = 0.014, r = 0.263) were significantly correlated.
Hematologic Indices in the SLE Group
There was no significant difference in the MPV, MPR, PLR, and NLR between the active (n = 37) and quiescent (n = 17) SLE subgroups and between positive and negative anti-ds-DNA (p > 0.05 for all; data not shown). However, the hemoglobin level was significantly lower in the active subgroup compared to that of the inactive subgroup (10.8 ± 1.8 vs. 12.8 ± 1.4 g/dl, p < 0.001). It was also significantly lower in the patients with positive antids-DNA compared to negative patients (11.1 ± 2.0 vs. 12.5 ± 1.6 g/dl, p = 0.035) and in the patients with proteinuria (n = 15) compared to those without proteinuria (n = 36; 10.1 ± 1.5 vs. 12.1 ± 1.8 g/dl, p = 0.001). The NLR was higher in hypocomplementemic (n = 17) SLE patients than in normocomplementemic patients (n = 34). However, there was no significant difference in the MPV, MPR, and PLR between the same subgroups (p > 0.05). Similarly, there was no significant difference in the MPV, MPR, PLR, and NLR between smokers (n = 8) and nonsmokers (n = 43) in the SLE group (p > 0.05 for all). The PLR was lower in hypertensive (n = 12) than in normotensive (n = 39) SLE patients (184.7 ± 62.9 vs. 303.1 ± 246.2, p = 0.012), but there was no statistically significant difference in the MPV, MPR, and NLR (p > 0.05). In the SLE group, 36 patients were taking a steroid, 28 were receiving azathioprine and 26 were receiving hydroxychloroquine. The MPV, MPR, PLR, and NLR of the patients receiving drug treatment were not significantly different from those not receiving a drug treatment (p > 0.05).
Hematologic Indices in the SSc Group
The MPV, MPR, PLR, and NLR of the patients with active and inactive SSc, diffuse and limited subtypes, and positive and negative anticentromere or anti-Scl-70 antibodies showed no significant differences (p > 0.05 for all; data not shown). Similarly, there was no significant difference in the MPV, MPR, PLR, and NLR between patients with pulmonary hypertension, pulmonary fibrosis, heart, gastrointestinal system, and kidney involvement and patients who did not have these features (p > 0.05 for all; data not shown). In the SSc group, the Medsger severity index, Valentini activity index, and mRSS were not correlated with the MPV, MPR, PLR and NLR (p > 0.05 for all). The NLR was correlated with patient age (r = 0.349, p = 0.029) and BMI (r = 0.446, p = 0.020).
Hematologic Indices in the BD Group
The NLR was significantly higher (2.7 ± 1.1 vs. 2 ± 0.7, p = 0.008) and the MPV was significantly lower (9 ± 3.2 vs. 9.3 ± 1.3 fl, p = 0.047) in the patients with active BD (n = 19) compared to those with inactive BD (n = 34). The NLR was significantly higher in the patients with neuro-BD (n = 6) compared to those without (n = 47; 3.5 ± 1.1 vs. 2.1 ± 0.7, p = 0.002). It was also higher in the patients with active genital ulcer (n = 6) compared to those without (n = 47; 3.3 ± 1.2 vs. 2.2 ± 0.8, p = 0.012). However, these clinical features did not alter the levels of MPV, MPR, or PLR (p > 0.05 for all). There was no significant difference in the MPV, MPR, PLR, and NLR of the BD patients with (n = 16) and without ocular involvement (p > 0.05). Furthermore, there was no significant difference in MPV, MPR, PLR, and NLR of the BD patients with (n = 19) and without (n = 34) active oral ulcers (p > 0.05). The MPV, MPR, PLR, and NLR of the BD patients receiving steroid treatment (n = 12), azathioprine (n = 28), and colchicine (n = 42) were similar to those with BD not receiving these drugs (p > 0.05 for all). In the BD group, there was a negative correlation between the MPV and patient age, a negative correlation between the MPR and CRP level, and positive correlations of the NLR with ESR and BSAS. In this group, there was also a negative correlation between the PLR and BMI, and a positive correlation between the PLR and ESR, and positive correlations of the MPR with age, disease duration, and ESR ( table 3 ) .
Discussion
In this study, MPV and MPR were significantly higher in the SLE group than in the RA group. PLR was also significantly higher in the SLE group than in the HC group. Furthermore, NLR was significantly higher in the RA, SLE, and SSc groups than in the HC group. NLR was significantly higher in hypocomplementemic patients than in normocomplementemic patients in the SLE group. It was also higher in the active BD patients than in inactive BD patients, and it was significantly higher in the patients with neuro-BD than in those without.
The inflammatory process in rheumatic inflammatory diseases involves inflammatory cells and molecules which cause changes in the number, shapes, and sizes of bone marrow cells and peripheral blood cells [1-12, 22, 23] . However, the effects of inflammatory diseases on hematological indices are controversial.
The levels of MPV were not higher in the RA and SSc groups, but they were slightly elevated in the SLE and BD patients in our study. Higher levels of MPV were reported in the patients with RA [2, 22] , SLE [5] , SSc [6] , ankylosing spondylitis (AS) [12] , psoriatic arthritis [7] , and BD [8] . On the other hand, Kisacik et al. [1] reported that levels of MPV were lower in patients with AS. Similarly, subsequent studies demonstrated the lower levels of MPV in patients with RA [1] and SLE [4] . There is a contradiction concerning whether MPV levels are increased in the inflammatory diseases. This contradiction could be explained by the differences of disease activity status of patients and their ongoing treatments. Disease activity and treatments alter MPV levels. Yazici et al. [12] reported that MPV levels decrease after treatment with biologics in patients with AS. Conversely, the MPV level was demonstrated to be increased after treatment in patients with SLE [4] . In our study, the active BD patients had lower MPV levels compared to the inactive ones. However, disease activity did not affect MPV levels in the RA, SLE and SSc groups. Moreover, our study did not show that treatments altered MPV levels.
Glucocorticoids may also affect the count, size and function of platelets. Therefore, using glucocorticoids may be another confounding factor for the studies evaluating MPV levels in inflammatory diseases. However, in our study the MPV levels were similar regardless of whether the patients received glucocorticoids or not. On the other hand, the selected anticoagulants in which blood samples are collected and times between blood sample collection and analysis can alter the MPV level [24] . Other causes to explain the contradiction regarding MPV levels between studies may also exist.
The ROC analysis showed that the MPV and MPR could discriminate SLE from RA with reasonable sensitivity and specificity in our study. The MPRs of patients with rheumatic inflammatory diseases were similar to those of the HC group but were higher in the SLE group than in the RA group in our study. This finding could be useful in the differential diagnosis of SLE and RA. The MPV is associated with atherosclerotic conditions, such as hypertension, diabetes mellitus, smoking, hyperlipidemia, and myocardial infarction [22, 25] . The MPV values were slightly higher in the BD and SLE groups than in the other groups. When the vascular nature of these diseases is considered, it can be concluded that the MPV value is elevated in chronic inflammatory diseases with coexisting vascular pathology. Previous studies have to be evaluated for this conclusion.
The PLR was significantly higher only in the SLE group among studied rheumatic inflammatory diseases in our study. This finding suggests that the PLR may be an important biomarker for the diagnosis of SLE.
The NLR was significantly higher in the RA, SSc, and SLE groups. However, it was not increased in the BD group in our study. These findings could indicate that a high NLR might be used as a biomarker for the presence of the collagen tissue diseases. Similarly, the NLR was previously reported to be increased in patients with RA [3] . On the other hand, the level of NLR was documented to be altered in AS, which is an inflammatory disease [3] , chronic kidney disease [26] , and atherosclerotic vascular diseases [27] . The cause of an increased NLR level is increased cytokines and the inflammatory process [3, 26, 28] . The NLR was significantly higher in hypocomplementemic than in normocomplementemic SLE patients. Decreased complement is accepted as an indicator for disease activity and lupus nephritis. Thus, the NLR could be an indicator of disease activity and lupus nephritis. However, there was no significant difference in the NLR of active and inactive SLE patients or in the NLR of antids-DNA-positive and negative patients in our study. Qin et al. [5] reported that NLR was associated with disease activity and the presence of nephritis. Conversely, Oehadian et al. [11] demonstrated that it was not related with disease activity and clinical subsets.
The NLR levels were similar in the BD and HC groups in our study. Conversely, previous studies [9, 23] showed higher NLR levels in patients with BD than in healthy subjects. On the other hand, it was significantly higher in the active BD patients than in the inactive BD cases in our study. It was also significantly higher in the patients with neuro-BD than in those without neuro-BD, and higher in patients with active genital ulcers than those without. In addition, there was a positive correlation between the NLR and the ESR and BSAS in the BD group. These data show that the NLR may be an important bio-index for detecting BD activity and the presence of neuro-BD. On the other hand, the NLR was elevated in all inflammatory diseases, but not in quiescent BD. This finding could be attributed to the nature of BD, which is characterized by a recurrent pattern of presentation, with periods of remission and flare-ups.
The limitations of this study were that a power analysis was not performed to detect the numbers of enrolled participants in the study, as well as its cross-sectional design.
Conclusion
The MPV and MPR were significantly higher in the SLE group than in the RA group in our study. The PLR was also significantly higher in the SLE group than in the HC group. These results suggest that the MPV, MPR, and PLR are useful diagnostic tools for SLE. On the other hand, the NLR was significantly higher in the hypocomplementemic patients than in the normocomplementemic patients in the SLE group. It was also higher in the active BD patients than in inactive BD patients, and was significantly higher in the patients with neuro-BD than in those without. The NLR can be useful to detect the disease activities of SLE and BD. However, further studies that include more patients and subgroups are needed for more precise elucidation and clinical usage of these indices.
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